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TR AP P ED SUR F AC E S AN D TH E P OSITIVITY OF B O N DI MA SS ABSTR AC T
It is shown that the Bondi Mass of an asymptotically flat space-time which satisfies the dominant energy condition and which contains a number of trapped surfaces is positive.
In a recent letter (Ludvigsen and Vickers 1 982 ) we showed that the Bondi Mass of a large class of physically reasonable space-times is necessarily positive. the following theorem :
In particular, we proved TH EOR EM 1 :
Let M be an asymptotically flat space-time which satisfies the dominant energy condition. Let I + be future null infinity and let N be a non-singular null hypersurface which intersects I + in a global space-like cross-section 8
00
and which is bounded in the past by a finite space-like cross-section 8 0 • Then, if there exists a non-singular, simply connected, compact space-like hypersurface L with boundary 8 0 , the Bondi momentum P (S) with respect to S is future pointing. a oo oo A similar result was also recently proved by Ho rowitz and Pe rry (1 982 ) .
Ne ither of these results are readily applicable to singular or topologically non-trivial space-times such as those containing black holes.
In this letter we overcome this diffi culty by proving the following variation of theorem 1 which is directly applicable to such a situation.
TH EOR EM 2 :
Let M,N,S and 8 0 be as in theorem 1. fig.l ), the Bondi momentum P (S) with a oo respect to S is future pointing.
00
We shall prove this theorem by means of spinor methods similar to those used by Witten (1 981 ) in his proof of the positive energy theorem at space-like infinity. two-spinors rather than four-spinors.
We shall, however, use If we let T = S x S where Sis the space of two spinors, then, on using the Penrose (1968) abstract index notation, we may write where the indices A and A ' refer to Sand S respectively. In terms of the standard spin-coefficient notation based on a Bondi coordinate system (u,r,�,�) and associated spinor dyad field (0 A ,1 A ) (see, for example, Exton et al 1969), the Bondi momentum with respect to the origin cut u = 0 may be written as Since the S. are trapped surfaces we have (Penrose 1968 ).
If (u,r,s,Z) is a Bondi type coordinate system in which N is given by u = const., then we may use s and Z to label the points of S 0 • Furthermore i : = Vu will be proportional to i a on So.
It will B 
and A A is some spinor field defined on L. ) which we proved in our earlier letter (Ludvigsen and Vickers 1982) is that ( 13) provided only that Ao = A� .
We now show that for each choice of A8 satisfying (4) 
( 1 7) where D By using the arguments of Parker and Taubes (1982) (adapted to the compact case) it may be shown that there exists a non-singular solution of (14) which satisfies the boundary condition Ao = Ag on S 0 and ,aA1 + p'Ao = 0 on S. (i = l,2, ... ,N) .
l ( 18)
We now consider the integrals over the inner boundaries = J F dt ab .
Js. ab
When equation (18) is satisfied these are given by But by equation (13) we have I(S 00 ,A�) � I(So,� A ).
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We have therefore shown that I(S 00 ,�8) is positive for all regular spin weight� functions satisfying JoA8 = 0, and thus that the Bondi four momentum is future pointing.
